INTRODUCTION {#sec1-1}
============

Colorectal cancer (CRC) is a leading cause of cancer-related death all over the world.\[[@ref1]\] However, most patients have a poor prognosis for the regional or distant spread of tumor cells at the time of diagnosis.\[[@ref2]\] Accordingly, a growing interest is focused on an assessment of biomarkers as potential predictors of prognosis or response to therapy in CRC, which will most likely contribute to the individualized management of patients.\[[@ref3]\]

As a vascular permeability factor, vascular endothelial growth factor (VEGF) is involved in a series of pathologic processes including tumor growth and metastasis.\[[@ref4]\] In addition, some experiments have demonstrated prognostic significance of the VEGF expression in patients with cancer.\[[@ref5][@ref6]\] In particular, the expression of VEGF has been reported to be intimately correlated with the prognosis of CRC.\[[@ref7][@ref8]\] The VEGF gene comprises eight exons and seven introns, and several single nucleotide polymorphisms have been identified in the VEGF gene, some of which were reported to play an important role in the differential expression of VEGF *in vitro*.\[[@ref9][@ref10]\] Therefore, genetic polymorphisms of the VEGF gene are suggested to increase cancers risk and even work as a candidate marker in the prognosis of patients with cancer.\[[@ref11]\]

VEGF −2578C/A is one of the most common VEGF polymorphisms. Numerous studies have evaluated the association between the VEGF −2578C/A polymorphism with CRC risk.\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] However, the results of these studies were inconclusive, probably because the sample size enclosed in any single study is so small that it lacked inadequate evidence to make a positive or negative conclusion. Furthermore, meta-analysis is a powerful means to synthesize information from varied investigations on the same issue.\[[@ref20]\] Therefore, a meta-analysis is essential to investigate the association of VEGF −2578C/A polymorphisms with CRC risk from all eligible case-control studies published to date. Although two related meta-analysis have been performed before, they did not consisted of all related research work, and one of them failed to make a subgroup analysis to assess the effect of ethnicity on the association of −2578C/A polymorphism with CRC risk due to the paucity of eligible studies in Asian population.\[[@ref21][@ref22]\] And for all we know, there were some new studies published in recent years, some of which were carried out in both Asian and Caucasian population. Accordingly, a latest meta-analysis was performed in this work, in order to provide a more accurate conclusion about the association between −2578C/A polymorphism and CRC risk.

MATERIALS AND METHODS {#sec1-2}
=====================

Literature search {#sec2-1}
-----------------

An electronic search of the PubMed, Embase and Medline was performed to retrieve studies assessing the associations of VEGF −2578C/A polymorphism and CRC risk. Retrieve terms were utilized as following: ("VEGF a"\[MeSH Terms\]) AND ("polymorphism, genetic"\[MeSH Terms\]) AND ("colorectal neoplasms"\[MeSH Terms\]). Other potentially eligible studies were also found by manually searching from the reference lists of relevant reviews and included studies. All documents were updated to September 2014. The language was limited to English.

Inclusion and exclusion criteria {#sec2-2}
--------------------------------

To be eligible for the inclusion in the meta-analysis, the following criteria were used:

Case --- control studies comparing CRC cases with controls;Studies assessing the association between VEGF −2578C/A polymorphisms and CRC risk;Sufficient genotype data of VEGF −2578C/A polymorphisms were provided.

Studies were excluded when satisfied the following criteria:

Studies lack information about genotype frequencies or alleles;Not case-control studies;Studies were reviewed, letters, case reports, and editorial articles;Family-based design.

Data extraction {#sec2-3}
---------------

Data extraction was performed independently by two reviewers. Inter-researcher disagreements were resolved by consensus or by a third investigator. The following data were extracted: First author, publication year, country, ethnicity, source of cases, source of controls, study design, number of cases, number of controls, and genotype data of VEGF +936C/T polymorphisms. Authors of the identified studies were mailed if some details were required.

Statistical analysis {#sec2-4}
--------------------

The meta-analysis was carried out with two kinds of software including the STATA 11.0 (Stata Corporation, College Station, TX, USA) and Review Manager 4.2 (provided by the Cochrane Collaboration). Odds ratio (OR) and 95% confidence interval (95% CI) were used to evaluate the associations of VEGF −2578C/A polymorphism with CRC risk, and a statistical significance of OR was ascertained with the *P* value of *Z*-test \<0.05. Four contrasts for the VEGF −2578C/A polymorphism were evaluated: Comparison of T allele with C allele; comparison of TT + CT versus CC; comparison of TT versus CC + CT; comparison of TT versus CC. An application to the effects models depended on the degree of between-study heterogeneity, which was estimated by Cochran\'s Q-test and *I*^2^ test in this meta-analysis. The heterogeneity across studies was identified by a significant Q test (*P* \< 0.10) or *I*^2^ \>50%, thus the random effects model was selected for the evaluation of each investigation with combined ORs. On the contrary, the fixed effects model was used for *P* value of Q-test bigger than 0.01 or *I*^2^ \<50%. Hardy--Weinberg equilibrium (HWE) in the controls was appraised by a χ^2^ test prior to estimating the associations of VEGF −2578C/A polymorphism with CRC risk.\[[@ref23]\] Subgroup analysis was conducted with respect to ethnicity. Sensitivity analysis was mainly performed by a sequential omission of individual studies to assess the stability of the outcomes.\[[@ref24]\] The potential publication bias was evaluated with Egger\'s test and Begg\'s funnel plot.\[[@ref25]\] All *P* values in the meta-analysis were two-sided, and statistical significance was considered when the *P* \< 0.05.

RESULTS {#sec1-3}
=======

Literature search {#sec2-5}
-----------------

Initial search for PubMed, Embase and Medline databases of the literature yielded 69 papers, and 4 additional relevant references quoted in searched articles were also selected. There were 70 potentially relevant papers after duplicates removed. 57 irrelevant papers were excluded on the basis of title and abstract, including 42 not including −2578C/A polymorphism, 8 not control-case study, and 7 not including genotype frequencies or alleles data. Finally, 13 full-text articles were evaluated for eligibility, and 8 were included in the meta-analysis after 5 full-text reviews were excluded for lacking detailed data about assessing the association between VEGF −2578C/A polymorphisms and CRC risk. Study selection is demonstrated in [Figure 1](#F1){ref-type="fig"}. These eight case-control studies included 2312 cases and 2308 controls reporting the relationship between VEGF −2578C/A polymorphism and CRC risk. When stratified by ethnicity, two essays involving Asians included 741 patients and 805 controls, and the other five articles were respected to Caucasian containing 1571 cases and 1503 controls. The publication year of the included studies ranged from 2007 to 2013. Eight articles provided sufficient information including the numbers of allele C and allele A in both CRC cases and controls, and selected characteristics of each study are listed in [Table 1](#T1){ref-type="table"}.

![Flow diagram of included/excluded studies](JRMS-20-811-g001){#F1}

###### 

Characteristics of the studies and populations included in the meta-analysis

![](JRMS-20-811-g002)

VEGF −2578C/A polymorphisms in meta-analysis {#sec2-6}
--------------------------------------------

A summary of the meta-analysis results of the association between the VEGF −2578C/A polymorphisms and CRC risk is demonstrated in [Table 2](#T2){ref-type="table"}. In overall analysis, there was apparently between-study heterogeneity under the two comparison models of C allele versus A allele (*I*^2^ = 52.6%, *P*~heterogeneity~ = 0.04) and AA + CA versus CC (*I*^2^ = 50.4%, *P*~heterogeneity~ = 0.05). Therefore, these two genetic models used random-effects model. However, there was no evidence of heterogeneity under the other two comparison models of AA versus CC + CA (*I*^2^ = 4.2%, *P*~heterogeneity~ = 0.40), and AA versus CC (*I*^2^ = 37.4%, *P*~heterogeneity~ = 0.13), so that a fixed-effects model was applied to these two genetic models.

###### 

Meta-analysis of the association between the --2578C/A polymorphism and CRC risk

![](JRMS-20-811-g003)

As demonstrated in [Table 2](#T2){ref-type="table"}, a significant association between the VEGF −2578C/A polymorphism and CRC risk was identified in three comparison models including C allele versus A allele (OR = 0.85, 95% CI 0.75-0.97, *P* = 0.02), AA versus CA + CC (OR = 1.28, 95% CI 1.09-1.51, *P* = 0.003), and AA versus CC (OR = 0.77, 95% CI 0.64-0.93, *P* = 0.006), but CA + AA versus CC (OR = 1.08, 95% CI 0.90-1.30, *P* = 0.41) did not show association with CRC risk.

Then subgroup analysis was made to assess the potential ethnic differences, and the subjects of all included studies were divided into Asian and Caucasian populations. Results of subgroup analysis demonstrated that all comparison models of the Asians were similar to the overall populations \[Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. A significant association with CRC risk in Caucasian populations was confirmed in comparison models of C allele versus A allele (OR = 0.85, 95% CI 0.76-0.95, *P* = 0.004), AA versus CA + CC (OR = 1.31, 95% CI 1.09-1.57, *P* = 0.004), and AA versus CC (OR = 0.73, 95% CI 0.59-0.90, *P* = 0.004). However, no significant association with CRC risk was found in CA + AA versus CC comparison models in Caucasian populations. Moreover, there was also no significant association of all comparison models with CRC risk in Asian populations.

![Forest plot of C allele versus A allele comparison model for overall comparison](JRMS-20-811-g004){#F2}

![Forest plot of AA versus CA+ CC comparison model for overall comparison](JRMS-20-811-g005){#F3}

![Forest plot of CC versus AA comparison model for overall comparison](JRMS-20-811-g006){#F4}

Sensitivity analysis and publication bias {#sec2-7}
-----------------------------------------

A consecutive exclusion of individual studies was performed in the sensitivity analysis. The corresponding combined ORs in all individual analyses and subgroup analyses were statistically robust by deleting any single study. In addition, another sensitivity analysis was also performed by excluding studies without HWE, but the results did not changed significantly.

Publication bias was assessed by Begg\'s funnel plot in the meta-analysis \[[Figure 5](#F5){ref-type="fig"}\]. The shape of the funnel plots showed almost symmetrical, and the *P* values of Egger\'s test and Begg\'s test were 0.221 and 0.138 respectively, indicating that there was no evidence of publication bias for the meta-analysis of the association between VEGF −2578C/A polymorphism and CRC risk.

![Funnel plot of C allele versus A allele, AA versus CA + CC, and CC versus AA comparison models](JRMS-20-811-g007){#F5}

DISCUSSION {#sec1-4}
==========

CRC is one of the leading causes of death all over the world, and about 1 million people have been diagnosed with CRC every year.\[[@ref1]\] It is a huge challenge to find out an appropriate treatment to improve the poor prognosis of CRC, for the median survival in patients were still less than initially hoped for.\[[@ref26]\]

Angiogenesis has been proved to be crucial for the progression and growth of solid cancer.\[[@ref27][@ref28]\] It has been identified that VEGF-mediated the angiogenesis through promoting endothelial cell growth, migration, and mitosis, and its expression is involved in the pathogenesis, progression, and metastasis of cancers.\[[@ref4]\] Clinical studies have shown that the prognosis for various solid tumors is connected with an increased expression of VEGF.\[[@ref29][@ref30][@ref31]\] In particular, the expression of VEGF has been reported to be intimately correlated with the prognosis of CRC.\[[@ref7][@ref8]\] Moreover, as is known, genetic polymorphisms altering the level of protein expressed are anticipated to have a substantial influence on disease activity.\[[@ref32]\] There was growing evidence that polymorphisms in VEGF gene were associated with the production of the VEGF protein in colorectal carcinogenesis.\[[@ref33][@ref34]\] VEGF −2578C/A is one of the most common VEGF polymorphisms, and numerous studies have evaluated the association between the VEGF −2578C/A polymorphism and CRC risk in recent years.\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] However, some of those studies had used comparatively small samples, and the results remained conflicting. Therefore, meta-analysis is imperative to ensure adequate statistical power. And for all we know, this was the updated meta-analysis of the association between specific VEGF −2578C/A polymorphisms and CRC risk.

In our meta-analysis, eight case-control articles were selected for the assessment of the relationship between VEGF −2578C/A polymorphisms and CRC risk. These case-control studies selected included 2312 cases and 2308 controls. The main meta-analysis results showed that there was a significant association between the −2578C/A polymorphisms and CRC risk in comparisons of C allele versus A allele (*P* = 0.02), AA versus CA + CC (*P* = 0.003), and AA versus CC (*P* = 0.006), but no association was found in comparison model of CA + AA versus CC (*P* = 0.41). Moreover, the result of subgroup analysis confirmed a significant association with CRC risk in comparison models of C allele versus A allele (*P* = 0.004), AA versus CA + CC (*P* = 0.004), and AA versus CC (*P* = 0.004) in Caucasian populations.

In the subgroup analysis, a contrary conclusion was made in both Caucasian and Asian population that a significant association was found in comparisons of C allele versus A allele, AA versus CA + CC, and AA versus CC in Caucasian, but negative results were obtained in the same comparisons in Asian population. It indicated that there was a higher CRC risk for Caucasian with a VEGF −2578C/A polymorphisms compared with the Asian population.

On the basis of the above results, there was limited evidence proving that the comparison models of VEGF −2578C/A polymorphism, including C allele versus A allele, AA versus CA + CC, and AA versus CC, might be risk factors for CRC, and this conclusion was more persuading in Caucasian populations.

However, this meta-analysis was still limited due to some deficiencies. First, the number of studies and subjects involved in researches were limited, which might provide insufficient statistical power to assess the association between VEGF −2578C/A polymorphism and CRC risk. Some connected studies with negative conclusions were quite likely to be lost. Thus, more studies were required for a more dependable consequence. Second, the sources of heterogeneity existing among studies for most polymorphisms were hard to address. Third, although there was no evident publication bias identified, potential bias might have distorted the results of the meta-analysis. Finally, due to incomplete raw data or publication limitations, relevant effect prompted by age, gender and other environmental factors could not be estimated.

Although the comparison models of VEGF −2578C/A polymorphism including C allele versus A allele, AA versus CA + CC, and AA versus CC has been shown prediction effect for CRC, some detailed information about its biological mechanism was lacked. Therefore, more researches focused on the biological mechanism should be carried out in the future on the basis of the results of this work.

Despite the above limitations, this latest meta-analysis of the association between −2578C/A polymorphism and CRC risk was statistically more persuading than any single study. It came to a conclusion that the C allele versus AA, AA versus CA + CC, and AA versus CC comparison models of VEGF −2578C/A polymorphism might be risk factors for CRC. However, in order to make a better assessment of the association between VEGF −2578C/A polymorphism and CRC risk, further studies conducted in standardized and unbiased ways are required.
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